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INTRODUCTION 1
Double-slit interferene pattern from single-slit sreen and its gravitational analogues
D. Bar
Abstrat
The double slit experiment (DSE) is known as an important ornerstone in the
foundations of physial theories suh as Quantum Mehanis and Speial Relativity. A
large number of dierent variants of it were designed and performed over the years.
We perform and disuss here a new verion with the somewhat unexpeted results of
obtaining interferene pattern from single-slit sreen. We show using either the Brill's
version of the anonial formulation of general relativity or the linearized version of it
that one may nd orresponding and analogous situations in the framework of general
relativity.
Pas numbers: 42.25.Hz, 04.20.Gz, 04.30.-w, 04.20.Fy, 04.30.Nk
Keywords: Interferene, Gravitational Waves, Trapped Surfaes
1 INTRODUCTION
There is no physial experiment whih plays suh an important historial role in the establish-
ment and development of fundamental physial theories [1℄ suh as the double slit experiment
(DSE). It was rst represented in 1803 by Young [2℄ as a desiive proof of the wave nature of
light. Later, its interferometri harater serves, through the Mihelson-Morley experiment
[3, 4℄, as the key trigger for the enuniation of the speial relativity and the onstany of
light veloity [4℄. Still later, experimenting with some variants of the DSE (see the following
paragraphs) has aroused fundamental problems and paradoxes whih lead to a new physial
understanding embodied in the laws of Quantum Mehanis ([5℄, see, espeially, hapter 1 in
[6℄).
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As known, the interferene pattern resulting from the DSE [6, 7℄ appears even if the
intensity of the passing light is dereased until an average of only one photon is in transit
between soure and double-slit sreen [6℄. From this one may onlude [6℄ that a single
photon is apable of interfering with itself. Moreover, although eah of the passing photons
an go only through one of the slits the interferene pattern appears only when both slits
are open [6, 5, 8, 9℄. In other words, as emphasized in [6, 8, 9℄, if the experiment is also
designed, by either losing one slit or adding photons detetors at the slits (see Figure 3 in
[6℄), to supply the additional information of the exat slit through whih eah photon passes
then the interferene pattern disappears [6, 5, 8, 9℄. This demonstrates the large inuene
of the observation itself upon the obtained results (see, for example, [8℄, for this inuene in
Quantum Mehanis and see [10℄ for this inuene in relativity).
In order to isolate the real fators whih determine the presene or absene of the inter-
ferene pattern in the DSE we summarize here some versions of it [8, 9, 11℄ with partile
detetors at the slits.
Experiments: The partile detetors are;
(a) Turned-on and the data about the exat routes passed by the photons reorded and used
during the experiment.
(b) Turned o and, therefore, no data were reorded and used during the experiment.
(c1) Turned on but the observer does not bother to reord the ount at the slits.
(c2) Turned on and also reording the ount at the slits but this information is thrown and
not used during the experiment.
(d) Turned-on and also reording the supplied information but it is mixed with other unre-
lated data so that the observer prepares some program whih analyzes the ombined infor-
mation in either one of the two following ways;
(d1) The unrelated data are removed in whih ase one remains with the real data from the
detetors.
(d2) Keeping the whole mixed-up information so the true data from the detetors are not
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available.
Results: For nal analysis of (b), (c1), (c2), (d2) an interferene pattern appears and for
(a), (d1) no suh pattern is seen. We note that for (a), (d1) the optial pattern shown on the
sreen is separated into two patterns [8, 9, 11℄ eah of them is of the single-slit experiment
(SSE) kind and orresponds to the slit whih is in line with it. That is, there exists no
interferene of any photon from one slit with any other photon from the other slit so that
eah of the two patterns is formed from the diration of the partiles whih pass through
the slit in line with it as shematially shown in Figure 3.
One may realize from (b), (c1), (c2) and (d2) that even the determination and reording of
the exat routes of the partiles through the double-slit sreen are not enough for anelling
the interferene pattern if, as mentioned, these data from the detetors are not inluded
in the experiment itself [6℄. It an also be seen from the results of (d1) and (d2) that the
inlusion of these data in the DSE may be performed even years after ompleting the passage
through the slits (of ourse, before obtaining the optial pattern on the photosensitive sreen)
whih onstitutes the known delayed hoie experiment [8, 11℄. That is, the important fator
whih determines the form of the obtained optial pattern is the use (or not), during the
DSE, of the information about the routes of the photons through the slits. Moreover, as
seen in the optial literature [7℄, this is valid for any multiple-slit sreen. That is, any suh
sreen may demonstrate either the interferene pattern of the DSE kind (as in Figure 1) if
the data about the routes through slite are not used during the experiment or a number of
diration patterns eah of them of the SSE kind (see Figure 2) if these data are used. The
number of these SSE's diration patterns equals the number of slits as seen, for example, in
Figure 4 for the four-slit sreen where the data about routes are used during the experiment.
The only dierene between the interferene pattern of the DSE and that of any other n-slit
pattern is that the larger is n the thinner beome the fringes of this pattern [7℄.
We show, through atual experiments, that the noted onditions of using or not using the
data about the photons routes whih, respetively, entail diration or interferene patterns
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are valid not only for the double or any other multiple-slit sreen but also for the SSE. Note
that for any n-slit sreen, where n ≥ 2, the mentioned data about routes may sum, for a
large number of photons, to a huge amount of information whereas for the SSE these data
involve only one single piee whih is that all the photons pass only through that slit. Thus,
we show that if this single data is not used during the experiment then the expeted single-slit
diration pattern does not appear.
It should be noted in this ontext that up to now the very nature of the employed sreen,
if it is single, double or multiple-slit, is always known and used during the experiment. But
unlike the double and any other multiple-slit experiments for whih one may know and,
therefore, use during the experiment the datum about the number of slits without using the
data about the routes of the photons through them for the SSE ase they, atually, lead
to eah other. This is beause if one knows and, therefore, use during the experiment the
datum that he is employing single-slit sreen then he, automatially, also knows and use the
datum that all photons pass through that slit and vie versa.
Suppose, now, that the observer ativates a single-slit sreen without knowing it and,
therefore, the information related to the single route of all the photons an not be used
during the experiment. We show that in this ase, and under the speial onditions desribed
in Setion II, the resulting pattern is that of interferene as demonstrated in the appended
pitures [12℄. That is, instead of obtaining the diration pattern, shown in Figure 2, whih
is typial of SSE we have obtained the interferene pattern, shown in Figure 1, whih is
harateristi of n-slit sreen ( n ≥ 2). That is, one may onlude for any n-slit sreen,
where n ≥ 1, that if one uses the data about the routes then one obtains n diration
patterns where n is the number of slits as shown, for example, in Figure 2 for n = 1 and
in Figures 3-4 for n = 2 and n = 4. If, however, these data are not taken into aount
during the experiment then the obtained pattern for any n-slit sreen, even for n = 1, is
the interferene one shown in Figure 1. In other words, for all n-slit sreens, where n ≥ 1,
hanging the situation from using during the experiment the data about the photon routes
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to not using them amounts to hanging these routes from being densely and ontinuously
arrayed in the forward diretions (m = 0) to being fringed and striped.
We show in this work that this formation of periodi fringes and stripes may also be found
as geodesis hanges in at least two theoretial branhes of the general relativity theory. As
known, using the equivalene priniple [4, 13, 14℄ one may disuss any physial event as
either ouring in a at spaetime with physial interations or resulting from a urved
spaetime [4, 13, 14℄ with no suh interations. Thus, the mentioned hange of the photon
routes, from the ontinuous diration type (in the neighbourhood of the order m = 0) to
the fringed interferene one, may be, theoretially, paralleled to orresponding situations in
general relativity [4, 13, 14℄.
Note that one may argue that the mentioned DSE results, detaily desribed in Setion
II, should be exlusively disussed in pure quantum mehanial terms without having to
invoke any general relativity idea. We answer to this that the relativisti disussion here is
not suggested as some kind of explanation or interpretation of this DSE. Our aim in this
disussion is to point out that orresponding and parallel situations may also, as mentioned,
be enountered in the framework of general relativity. That is, one may, theoretially, nd
formations of fringed and nonfringed trapped surfaes whih are related to the same kind of
GW (either the Brill or plane GW's) as those found with the same kind of optial sreen
(see Figures 7-8).
As known [4, 13, 14℄ geodesis hanges are related in the general relativity to orrespond-
ing hanges in the geometry of the surrounding spaetime whih are, espeially, traked to the
presene of gravitational waves (GW) [13, 14, 15℄. Moreover, if these GW are strong enough
they may entail orresponding and lasting hanges in the form of the relevant geodesis
whih stay long after the generating GW disappear. As mentioned, the noted hanges in the
photon routes result only from onsidering (or not) during the experiment the data regarding
these routes and not from any other fore. Thus, a suitable parallel gravitational situation
is related more to the pure soure-free GW's [13, 16, 17, 18℄ than to the matter-soured ones
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[13, 14, 15℄. Aordingly, we pay speial attention in the following to these soure-free grav-
itational elds whih onstitute solutions to the Einstein vauum eld equations [4, 13, 14℄
and propagate in vauum as pure soure-free GW's [13, 16, 17, 19℄ with no involvement of
matter.
As representatives of these soure-free radiation we onsider the (1) Brill GW's [16, 17,
19, 20℄ and (2) the plane GW's in the linearized version of general relativity. The later kind
is hosen beause it is disussed in the almost at metri whih is similar to the at metri
of the mentioned optial experiments. Moreover, it has been shown [29, 30℄ that, like the
eletromagneti (EM) n-slit experiments, the plane GW in the linearized version of general
relativity have, under speial onditions, properties whih make it apable of interfering with
other GW's. Both of these GW hange, if they are strong enough, the surrounding spaetime
and its topology [21, 22℄ whih, naturally, entail also hanges of geodesis. The new hanged
spaetime is, theoretially, represented, in the spaetime region traversed by these GW's, by
trapped surfaes [13, 17, 23, 24, 25, 20℄ whih have the same intrinsi geometry as that of
the generating GW. One may, espeially, ount two dierent kinds of these surfaes; (1) the
singular trapped ones [17, 25, 20, 26, 27℄ and (2) the nonsingular ones [24℄ whih are related
to the regular and asymptotially at initial data [13, 17, 16, 28℄ in vauum. Note that
as [29℄ interferene patterns and holographi images result from interfering eletromagneti
waves so trapped surfaes result also from interfering GW's.
In Setion II we represent a detailed aount of the experiment from whih we obtain,
under suitable onditions, interferene fringed pattern from single-slit sreen. In Setion III
we have shown that one may obtain similar fringed geodesis by beginning from the Brill's
metris and use the terms and terminology related to it. We have, also, alulated the
orresponding fringed trapped surfae whih is formed from this Brill's pure radiation. The
trapped surfae, without fringing, resulting from the Brill GW's have been alulated in [17℄
and were represented, for omparison and ompletness, in Appendix A. In this Appendix
we have also represent a short review of the ADM anonial formulation [28, 13℄ of general
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Figure 1: A shemati representation of the DSE, inluding the light soure S, is shown at
the left Subgure a where the data about the routes through slits are not used during the
experiment. The interferene pattern resulting from the optial path dierene between the
rays from the two slits at sreen A is shown on the photosensitive sreen B. At the right
Subgure b one may see the orresponding routes traversed by the photons between the two
sreens.
relativity and the spei onditions whih lead to the Brill's soure-free GW's. In Setion
IV we have alulated the fringed trapped surfae obtained from plane GW's by using the
approximate linearized general relativity [13℄. The plane GW's in the framework of this
approximate theory and the resulting trapped surfaes, without fringing, have been detaily
alulated in [29℄ and were represented, for omparison and ompletness, in Appendix B. We
disuss and summarize the main results in a Conluding Remarks Setion.
2 Obtaining interferene pattern from SSE
The experimental set-up for the variant of the DSE disussed here inludes a laser pointer
as light soure and 30 mirrors. The laser pointer ats as a strong monohromati red light
soure with wavelength in the 650-680 nm range and output of less than 1 mW . The mirrors
were prefered to serve as double and single slit sreens beause it is easy to insribe on their
oated sides very narrow slits (sraths). Thus, using double edge razor blades two narrow
slits of about 0.3 mm wide were ut in the oated side of eah of them where the distanes
between the slits varied in the range of 1−4 mm. Twenty nine (29) mirrors were prepared to
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Figure 2: A shemati representation of the SSE, inluding the light soure S, is shown at
the left Subgure a where the observer knows and, therefore, uses during the experiment the
datum about the nature of sreen. The diration pattern resulting from the optial path
dierene between rays from same slit at sreen A is shown on the photosensitive sreen
B. At the right Subgure b one may see the orresponding routes traversed by the photons
between the two sreens where the most traversed route is that in the forward diretion
(m = 0).
BA
a
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b
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Figure 3: At the left Subgure a we see the optial pattern obtained from the double-slit
sreen when the routes of the photons through the slits are reorded and taken into aound
during the experiment. One have here no interferene between rays from the two slits but
two separate diration patterns eah omposed by the photons passed through the slit in
line with it. At the right Subgure b we see the form of the routes between the sreens where
most photon pass in the two forward diretions.
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Figure 4: At the left Subgure a we see the optial pattern obtained from the four-slit sreen
when the routes of the photons through the slits are reorded and taken into aound during
the experiment. One have here no interferene between rays from any two slits but four
separate diration patterns eah omposed by the photons passed through the slit in line
with it. At the right Subgure b we see the form of the routes between the sreens where
most photon pass in the four forward diretions.
serve as real double slits sreens and in the remaining mirror one slit was real and the seond
was spurious and superially ut so that it was still opaque. This is done so that when the
observer looks at this mirror from some distane he would not dierentiate between it and
the other real two-slit ones.
In Figure 5 one may see a photograph of the atual arrangement of the experiment. This
gure as well as Figures 6-8 are real pitures photographed by a digital amera [12℄. In Figure
5 one may see at the front the laser pointer mounted upon a white retangular box. As seen,
this laser pointer is hold by two binder lips whih serve the twofold purpose of onveniently
direting it towards the bak of the mirror-sreen and also of pressing its operating button so
as to ativate it. At the bak of the Figure one may see a seond retangular box upon whih
one mirror (of the available 30) is mounted with the help of a seond pair of binder lips.
One may also see at the bak of the mirror the real or spurious double slit and the red laser
ray from the pressed laser pointer. Moreover, with a larger resolution one may even disern
the red optial pattern at the white wall behind the mirror. At the right one may see inside
another retangular box the operated mirrors. In Figure 6 one may see a typial piture of
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the optial interferene pattern obtained from one of the 29 real double-slit mirrors where the
nature of this mirror is known and used during the experiment but not the data about the
routes of the photons through the slits. In Figure 7 we show two typial photographs of the
optial diration pattern obtained from the faked double-slit mirror when its true nature,
that it is single-slit, is used during the experiment. The left piture was photographed by
taking a longer distane between the mirror and the white wall ompared to the distane
used for the right piture.
Using random number generator the observer begins the experiment by randomely piking
one mirror from the available 30 without knowing if he hoose one of the real double-slits or
the faked one where the probability to hoose the former is
29
30
= 0.97 and that for piking
the latter is
1
30
= 0.033. He then point the laser pointer from a distane of about 1 meter
at the apparent double slits in the oated side of the mirror and look at the resulting light
pattern on the white wall situated 1.75 meters from the mirror (see Figure 5). The obtained
light pattern is expeted to be either that of the interferene type as in Figure 1 in ase
the ativated sreen was one of the real double slit mirrors or that of the diration form of
Figure 2 if this sreen was the spurious one. After obtaining the optial pattern upon the
white wall the observer heks the operated sreen to see if it is one of the real double-slit
mirrors or the faked one. Thus, if it is found to be one of the true double-slit mirrors it
is returned to the pile of 30 mirrors from whih another one (whih may be the former)
was randomely hosen for a new experiment of the type just desribed. This repetition was
stopped only when the involved sreen was found to be the spurious one.
Now, sine the hane of randomely piking the faked sreen is only 0.033 whereas that
for hosing the real one is 0.97 one, naturally, have to repeat the desribed experiment a
large number of times until the spurious sreen was found. Thus, this experiment was,
atually, repeated 228 times over several weeks and for eah of these experiments we have
rst obtained interferene pattern and then found that the ativated sreen was one of the
29 real double-slit sreens as expeted. The 229-th experiment began, as its predeessors,
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without knowing and, therefore, without using the true nature of the involved sreen and, as
before, the obtained light pattern was of the interferene type but upon looking losely at the
relevant sreen it has, somewhat unexpetedly, turned out to be the spurious one whih is,
atually, a single slit. That is, interferene pattern, whih typially result from n-slit sreen
(n ≥ 2) was, atually, obtained from single-slit one.
In order to be sure of this result a new series of these experiments was again repeated but
this time eah optial pattern is photographed by a digital amera [12℄ before heking the
true nature of the ativated sreen. As before, hundreds of them (216) were performed over
several weeks before the faked double-slit sreen were turned up at the 217-th experiment.
As for the former series of experiments the nding of this atually single-slit sreen was
preeded by obtaining the n-slit interferene pattern (n ≥ 2) and not the expeted single-slit
diration one. This time, unlike the former series, all the obtained 217 optial patterns
were photographed before heking the nature of the employed sreen. A photograph of the
optial pattern resulting from the 217-th experiment is shown in Figure 8 and one may see
that it is of the interferene pattern kind as realized when omparing it to Figure 6 whih
shows the optial pattern obtained from a real double-slit sreen.
Analysing the former results one may onlude that performing these experiments under
the onditions of not knowing the nature of sreen and, therefore, not using during the
experiments the data about the routes through the slits hanges the form of these routes
from the diration pattern of Figure 2, b to the n-slit interferene one (n ≥ 2) shown in
Figure 1 ,b. This outome for the SSE together with the mentioned results obtained for
any other n-slit sreen (n ≥ 2) led one to onlude that interferene pattern is obtained for
any n-slit sreen, even for n = 1, so long as the mentioned data were not used during the
experiment. When, however, these data are used during the experiment one obtains for suh
n-slit sreen (n ≥ 1) n diration patterns eah of them of the SSE kind shown in Figure
2. In other words, onsidering the entral region around the order m = 0, one may realize
that, when the noted data are not used during the experiments, this region beomes striped
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Figure 5: This gure is a digital amera photograph of the arrangement used to perform
the experiment desribed in Setion II. At the front one may see on a white box the red
laser pointer hold by two binding lips. At the bak one may see on another box the slitted
mirror whih is also hold by another pair of binding lips. The red laser ray from the pointer
is shown at the bak of the mirror and with a larger resolution one may even disern the
optial pattern on the white wall. At the right one may see in another box the ensemble of
mirrors used.
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Figure 6: The optial interferene pattern obtained from one of the 29 real double-slit mirrors
where the nature of this sreen is known but not the data about the routes through the slits.
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Figure 7: At the left and right Subgures we see photographs of the optial single-slit
diration pattern taken at the start of the experiment from the spurious double-slit sreen
where the true nature of this sreen was known and used during the experiment. The distane
between the mirror and wall, used for obtaining the optial pattern of the left piture, was
larger ompared to that used for the right piture.
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Figure 8: This gure is a photograph of the optial interferene pattern obtained from the
spurious double-slit sreen where the true nature of this sreen was not known and, therefore,
not used during the experiment. Note the similarity of this pattern, atually obtained from
single-slit sreen, to that of Figure 6 whih was obtained from one of the real double-slit
sreens. Comparing this photograph to those of Figure 7, whih are obtained from the same
sreen, one may realize that the use (or not) during the experiment of the relevant data is
the important fator whih determines the obtained optial pattern.
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and fringed ompared to the nonfringed form it has when these data are used. That is,
an interval between photon routes, whih were zero in the region around m = 0 when the
noted data were used (see Figures 2-4), has been formed when these data were not used (see
Figure 1). We alulate in the following the length of this interval whih is shown in Figure
9 between neighbouring maxima. The path dierene between two rays from the two slits
is shown at the left of Figure 9. Thus, denoting by B and D the respetive bright and dark
fringes upon the photosensitive sreen one may use Figure 9 and write these path dierenes
for the DSE as [7℄
d sin(w)B = mλ (1)
d sin(w)D = (m+
1
2
)λ
As shown in Figure 9, d and d sin(w) respetively denote the interval between the two slits
and the path dierene between the two interfering waves. By λ and m = 0, 1, 2, .... we
denote the wavelength of the light from the soure and the order of interferene. For the
single slit experiment (SSE) one may use the following expressions [7℄
b sin(w)B = mλ (2)
b sin(w)D = (m+
1
2
)λ,
where b is the length of the slit and b sin(w) is the path dierene between rays dirated
from the ends of the slit. That is, the loations of the dierent maxima and minima do not
result from any interferene but from diration through the single slit. As a result, the
maximum intensity for the order m = 0 is greater by several order of magnitudes from the
orresponding maxima shown for the orders m = 1, 2, ... (see Figure 2) and from those of
the DSE. That is, most photons whih dirat through the single slit propagate parallel to
eah other in the forward straight diretion whih explains the large intensity for the order
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m = 0.
In Figure 9 we show the two ordered maxima m = 0 and m = 1, denoted in the following
by m0 and m1, and alulate the interval between them by onsidering the right angled
triangle build from the sides m0 − x1, g and f where x1 denotes the rst minimum. From
this triangle one obtain tan(w) = (m0−x1)
g
so that the sought-for length ∆(w) = m0 −m1 is
∆(w) = m0 −m1 = 2g tan(w) (3)
As noted, the hanged photon routes may be paralleled to orresponding geodesis hanges.
These hanges are extensively disussed [4, 13, 14, 32℄ in the framework of general relativity
(see, espeially, the annotated referenes in [13℄) as resulting from orresponding spaetime
hanges. The later hanges are, espeially, traked to GW's [15℄ whose intrinsi spaetime
geometry [27℄ is imprinted upon the traversed spaetime. As mentioned, we pay speial
attention to the more appropriate soure-free GW's and onsider the Brill's and plane GW's
(we may also disuss the Kuhar's ylindrial soure-free GW's [13, 33℄).
Thus, as for the optial slitted-sreens in whih one may either use during the exper-
iments the data about the routes through the slits (whih result in obtaining diration
patterns) or not using these data (whih result, for any n-slit ereen (n ≥ 1), in obtaining
fringed interferene pattern) one may, likewise, disern two similar gravitational states. One
state may be haraterized by some assumed spaetime metris suh as the Brill's or the
almost at metris whih is used in disussing plane GW's. The seond gravitational state is
haraterized by a metris whih, atually, is the fringing of the former in a manner similar
to the stripes of the interferene pattern whih may be regarded as the fringing, espeially, in
the neighbourhood of the orders m = 0, of the diration patterns of Figures 2-4. The Brill's
metris and its orresponding nonfringed trapped surfae [17℄ is reviewed in Appendix A and
the almost at metris with the relevant nonfringed trapped surfae [29℄ is represented in
Appendix B. The fringed trapped surfaes is disussed in the following setion for the Brill's
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d w
x_1
m=0
m=1
B
dsin(w)
f
g
Figure 9: A shemati representation of the double-slit array, used to obtain interferene
patterns, is shown. The path dierene d sin(φ) and the sinusoidal interferene form are
shown. Using this gure one may obtain Eq (3) for the interval between the orders m = 0
and m = 1.
GW and in Setion IV for the almost at plane GW's.
3 The fringed trapped surfae resulting from the Brill
GW's
The soure-free Brill GW's are disussed in the framework of the ADM formalism [13, 28℄.
In this anonial formulation of general relativity one, generally, onsider the simplied ase
of time and axial symmetries and no rotation [16, 17, 19℄. Under these onditions one nds a
solution [16, 17, 19℄ to the Einstein vauum eld equations whih represents, as mentioned,
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pure soure-free gravitational wave with positive energy [16, 17, 19, 20℄. A short review of the
ADM anonial theory [13℄ with the former onditions is represented in Appendix A. Strong
Brill GW's are involved with the appearane of a marginally trapped surfaes whih are
equivalent, for the time-symmetri ondition disussed here, to minimal area surfaes [17℄.
These surfaes may be represented in a artesian oordinates by using embedding diagrams
of them [13, 17℄. As known [13, 17℄, to embed the whole surfae is diult so one, generally,
resort to the task of embedding a plane through the equator whih is simpler due to the
assumed rotational symmetry.
As mentioned, we have obtained for any n-slit sreen, even for n = 1 as desribed in
Setion II, an interferene pattern whih are periodially alternating sequene of light and
dark bands (see Figure 1, b) where the bright bands allow photons to pass along them and the
dark ones do not allow them. Using the equivalene priniple these alternating fringes may,
as mentioned, be disussed as periodially alternating bands of geodesis. That is, the optial
bright bands orrespond to strong urvature [4, 13, 14℄ geodesis and the optial dark bands
to the weak urvature ones. As noted, these alternating bands of strong and weak urvatures
may be onsidered as forming a trapped fringed surfae whih, theoretially, an be embedded
in an Eulidean spae [13, 17, 23℄. The embedding proedure may, analytially, be expressed
by requiring the metri of the equator [17℄ to be equal to that of a rotation surfae (in
Eulidean spae) whih is formed from a periodi alternating allowed and disallowed bands.
That is, one may write
xB = FB(ρ, φ) · cos(φ)
yB = FB(ρ, φ) · sin(φ) (4)
zB = hB(ρ),
where the funtion hB(ρ) does not depend upon the variable φ and the supersript B denote
that we refer to the Brill soure-free ase. The funtion FB(ρ, φ) may be written as the
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following produts
FB(ρ, φ) = fB(ρ) ·MB(φ), (5)
where the funtion MB(φ) is introdued to ensure the mentioned periodi fringing and is
dened as
MB(φ) =


1 for− pi ≤ φ ≤ −pi
2
0 for− pi
2
< φ < pi
2
1 forpi
2
≤ φ ≤ pi
(6)
As seen, the periodi funtion MB(φ), whih is shown in Figure 10, is pieewise monotoni
and bounded on the interval (−pi, pi) and so it an be expanded in a Fourier series [34, 35℄.
Thus, using the Fourier analysis [34, 35℄ one may determine the Fourier oeients as
aB0 =
1
pi
∫ pi
−pi
MB(φ)dφ =
1
pi
(∫ −pi2
−pi
1dφ+
∫ pi
2
−pi
2
0dφ+
∫ pi
pi
2
1dφ
)
=
1
pi
pi = 1
aBk =
1
pi
∫ pi
−pi
MB(φ) cos(kφ)dφ =
1
pi
∫ −pi
2
−pi
1 cos(kφ)dφ+
+
1
pi
∫ pi
pi
2
1 cos(kφ)dφ =
1
pi
(sin(kφ)
k
)|−pi2−pi + 1
pi
(sin(kφ)
k
)|pipi
2
=
= − 2
pik
sin(k
pi
2
) =


0 for k even
− 2
pik
for k odd and k = 4n− 3
2
pik
for k odd and k = 4n− 1
(7)
bBk =
1
pi
∫ pi
−pi
MB(φ) sin(kφ)dφ =
1
pi
∫ −pi
2
−pi
1 sin(kφ)dφ+
1
pi
∫ pi
pi
2
1 sin(kφ)dφ =
= −1
pi
(cos(kφ)
k
)|−pi2−pi − 1pi (cos(kφ)k )|pipi2 = 0,
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phi
M
–2pi 2pi
1
pi-pi
Figure 10: In this gure one may see the periodi funtion M(φ) from Eq (6).
where n = 1, 2, 3, 4....... From the last Eqs (6)-(7) one may write the funtion MB(φ) as
MB(φ) = 1− 2
pi
(
cos(1φ)
1
+
cos(5φ)
5
+ . . .+
cos((4n− 3)φ)
(4n− 3) + . . .
)
+
+
2
pi
(
cos(3φ)
3
+
cos(7φ)
7
+ · · ·+ cos((4n− 1)φ)
(4n− 1) + . . .
)
= (8)
= 1− 2
pi
(
∞∑
n=1
cos((4n− 3)φ)
(4n− 3) −
∞∑
n=1
cos((4n− 1)φ)
(4n− 1)
)
Now, using Eqs (4)-(5) and following the disussion in [17℄ one may write for the metri
on the equator
(dsB)2 = (dxB)2 + (dyB)2 + (dzB)2 =
(
(MB)2(φ)(fB)2ρ(ρ) + (9)
+(hB)2ρ(ρ)
)
dρ2 + (fB)2(ρ)
(
MB)2φ(φ) + (M
B)2(φ)
)
dφ2 +
+4MB(φ)MBφ (φ)f
B
ρ (ρ)f
B(ρ)dρdφ,
where fBρ (ρ), h
B
ρ (ρ) denote the respetive derivatives of f
B(ρ), hB(ρ) with respet to ρ and
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MBφ (φ) is the derivative of M
B(φ) with respet to φ. The metris from Eq (9) is equated
to the Brill's one [16, 19, 17℄ whih is represented in Appendix A. Note that for performing
the mentioned embedding one onsider [17℄ only the metris on the equator [17℄ whih is
equated to the surfae of rotation from Eqs (4) and also the metris for the Brill GW's is
generally assumed for the norotation ase [17℄ (see Appendix A). Thus, one obtains from
this equating proess
(dsB)2 = (dxB)2 + (dyB)2 + (dzB)2 =
(
(MB)2(φ)(fB)2ρ(ρ) +
+(hB)2ρ(ρ)
)
dρ2 + f 2(ρ)
(
(MB)2φ(φ) + (M
B)2(φ)
)
dφ2 = (10)
= gBρρdρ
2 + gBφφdφ
2 = ψ4e2Aqdρ2 + ψ4ρ2dφ2,
where gBρρ and g
B
φφ are the (ρρ) and (φφ) omponents of the Brill metri tensor. For
obtaining FB(ρ, φ), FBρ (ρ, φ) and h
B(ρ) one equates the oeients of dρ2 and dφ2 as follows
FB(ρ, φ) = fB(ρ)MB(φ) =
ρψ2√
1 +
(MB)2φ(φ)
(MB)2(φ)
FBρ (ρ, φ) = f
B(ρ)ρM
B(φ) =
1√
1 +
(MB)2φ(φ)
(MB)2(φ)
(
ψ2 + 2ρψψρ
)
(11)
hB(ρ) =
∫
dρ
(
ψ4e2Aq − (FB)2ρ(ρ, φ)
) 1
2
=
∫
dρ
(
ψ4e2Aq − (MB)2(φ)(fB)2ρ(ρ)
) 1
2
The last expressions for FB(ρ, φ), FBρ (ρ, φ) and h
B(ρ) dene the embedded fringed surfae
z(x, y) on the equator whih has the same geometry as that of the time-symmetri Brill's GW.
These surfaes have the same general forms as those shown in Figure 11 for the nonfringed
surfaes of Eqs (A13) exept that now, for appropriately representing Eqs (11), these surfaes
should be periodially fringed.
Now, as done in Setion II regarding the orders m of the fringed interferene pattern
(see Eqs (1)-(3)) and the intervals between neighbouring maxima we also nd here the
orders and intervals related to the fringed trapped surfae geometry resulting from the Brill
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GW's. That is, realizing from Eq (6) and Figure 10 that any two neighbouring maximal or
minimal bands, for whih one respetively have MB(φ) = 1 and MB(φ) = 0, are separated
by intervals of ±pi one may denote the angles related to these ordered bands by φm =
φ0 ±mpi where φ0 orresponds to m = 0. Note that for m even (positive or negative) one
always have cos(φm) = cos(φ0), sin(φm) = sin(φ0) and for m odd (positive or negative)
cos(φm) = − cos(φ0), sin(φm) = − sin(φ0). Also, one always have for any m, positive or
negative, even or odd, cos(φm+1) = − cos(φm), sin(φm+1) = − sin(φm). Thus, remembering
that the oordinates of the fringed trapped surfaes are given by Eqs (4) one may write in
orrespondene with Eqs (1)-(2)
xBm = F
B(ρ, φm) cos(φm) = f
B(ρ)MB(φm) cos(φm) (12)
yBm = F
B(ρ, φm) sin(φm) = f
B(ρ)MB(φm) sin(φm),
where for maximal bands one should have either −pi ≤ φ ≤ −pi
2
or
pi
2
≤ φ ≤ pi for whih
MB(φ) = 1 (see Eq (6)) and for minimal bands φ should be from the range −pi
2
< φ < pi
2
for whih MB(φ) = 0 (see Eq (6)). Now, denoting the interval between two neighbour-
ing m orders in the fringed trapped surfae geometry by ∆B(ρ) and using the relations
cos(φ(m+1)) = − cos(φm), sin(φ(m+1)) = − sin(φm) and MB(φ(m+1)) +MB(φm) = 2 (see Eq
(8)) one may write in orrespondene with Eq (3)
∆B(ρ) =
√(
xB(m+1) − xBm
)2
+
(
yB(m+1) − yBm
)2
=
=
{(
fB(ρ)MB(φm+1)) cos(φ(m+1))− fB(ρ)MB(φm) cos(φm)
)2
+ (13)
+
(
fB(ρ)MB(φm+1)) sin(φ(m+1))− fB(ρ)MB(φm) sin(φm)
)2} 1
2
=
=
{
(fB)2(ρ)
(
MB(φ(m+1)) +M
B(φm)
)2(
cos2(φm) + sin
2(φm)
)} 1
2
=
= 2fB(ρ) =
2ρψ2√
((MB)2(φ) + (MB)2φ(φ))
,
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where the last result follows from the rst of Eqs (11).
4 The fringed trapped surfae resulting from the lin-
earized plane GW's
We, now, nd, as for the Brill GW's disussed in the former setion, the required fringed
trapped surfae related to the linearized plane GW's and begin by assuming, as in [17℄, that
its metri is that of a surfae of rotation z(x, y) related to Eulidean spae. That is, one
may write
xP = F P (ρ, φ) cos(φ) = fP (ρ)MP (φ) cos(φ),
yP = F P (ρ, φ) sin(φ) = fP (ρ)MP (φ) sin(φ), (14)
zP = hP (ρ),
where we have supersripted the quantities F (ρ, φ), M(φ), f(ρ) and h(ρ) by P to emphasize
that they denote now plane GW's. We have also, as for the Brill ase in Setion III and
for the same reason of ensuring the periodi fringing, introdue the funtion MP (φ) whih
is idential to the MB(φ) from Eq (6). Thus, one may use the pieewise monotony and
boundness of MP (φ) and expand it in a Fourier series [34, 35℄ for obtaining the appropriate
oeients aP0 , a
P
k , b
P
k whih are idential to the a
B
0 , a
B
k , b
B
k from Eqs (7). One may, also,
obtain the following expression for the metris (ompare with the Brill's ase of Eq (10))
(dsP )2 = (dxP )2 + (dyP )2 + (dzP )2 =
(
(MP )2(φ)(fP )2ρ(ρ) + (15)
+(hP )2ρ(ρ)
)
dρ2 + (fP )2(ρ)
(
(MP )2φ(φ) + (M
P )2(φ)
)
dφ2 +
+4MP (φ)MPφ (φ)f
P
ρ (ρ)f
P (ρ)dρdφ,
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where fPρ (ρ), h
P
ρ (ρ) denote the respetive derivatives of f
P (ρ), hP (ρ) with respet to ρ and
MPφ (φ) is the derivative of M
P (φ) with respet to φ. The metris from Eq (15) is equated
to that obtained in Eq (B18) in Appendix B where, as for the Brill ase disussed in Setion
III, one onsiders only the metris on the equator [17℄ whih is equated to the surfae of
rotation from Eqs (14) and also assume the norotation ase. Thus, using the expressions for
hTTρˆρˆ and h
TT
φˆφˆ
from Eq (B18) in Appendix B one may write the metri of the fringed trapped
surfae as
(dsP )2 = (dxP )2 + (dyP )2 =
(
(MP )2(φ)(fP )2ρ(ρ) + (h
P )2ρ(ρ)
)
dρ2 +
+(fP )2(ρ)
(
(MP )2φ(φ) + (M
P )2(φ)
)
dφ2 = hTTρˆρˆ d
2ρ+ hTT
φˆφˆ
d2φ =
= cos(kz − ft)
[
sin(4φ)
2
(A× − A+)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+ (16)
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)] (
d2ρ− ρ2dφ2)
The appropriate expressions for F P (ρ, φ) = fP (ρ)MP (φ) and hP (ρ) from Eq (14) whih
determine the intrinsi geometry of the fringed trapped surfae are obtained from Eq (16)
by equating the respetive oeients of both dρ2 and dφ2 as follows
(MP )2(φ)(fP )2ρ(ρ) + (h
P )2ρ(ρ) = cos(kz − ft) · (17)
·
[
sin(4φ)
2
(A× −A+) ·
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
(
A+ cos
2(2φ) +
+A× sin
2(2φ)
)(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)]
Note that, as emphasized after Eqs (B17) in Appendix B, the expressions eρˆ⊗eρˆ, eρˆ⊗eφˆ and
eφˆ⊗eφˆ are tensor omponents in the ρρ, ρφ and φφ diretions and so, of ourse, they are not
tensors proper. This is of ourse the generalization of the omponents of some spae vetor,
suh as the x, y and z omponents of it, whih although may have funtional properties
they ertainly are not vetors. Thus, in the last equation and the following ones we have
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ompared these tensor omponents to funtions and even took their square roots.
(fP )2(ρ)
(
(MP )2φ(φ) + (M
P )2(φ)
)
= ρ2 cos(kz − ft) · (18)
·
[
sin(4φ)
2
(A+ −A×) ·
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
(
A+ cos
2(2φ) +
+A× sin
2(2φ)
)(
eφˆ ⊗ eφˆ − eρˆ ⊗ eρˆ
)]
From Eq (18) one obtains for F P (ρ, φ)
F P (ρ, φ) = fP (ρ)MP (φ) =
{ 1
1 +
(MP )2φ(φ)
(MP )2(φ)

 ρ2 cos(kz − ft) · (19)
·
[
sin(4φ)
2
(A+ − A×) ·
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
(
A+ cos
2(2φ) +
+A× sin
2(2φ)
)(
eφˆ ⊗ eφˆ − eρˆ ⊗ eρˆ
)]} 1
2
From the last equation one obtains for the derivative of F P (ρ, φ) with respet to ρ
F Pρ (ρ, φ) = f
P
ρ (ρ)M
P (φ) =
{ 1
1 +
(MP )2
φ
(φ)
(MP )2(φ)

 cos(kz − ft) · (20)
·
[
sin(4φ)
2
(A+ −A×) ·
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
(
A+ cos
2(2φ) +
+A× sin
2(2φ)
)(
eφˆ ⊗ eφˆ − eρˆ ⊗ eρˆ
)]} 1
2
And, using Eq (17), one may obtain for hP (ρ)
hP (ρ) =
∫
dρ
{
cos(kz − ft)
{
sin(4φ)
2
(A× − A+)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+ (21)
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)}
− (MP )2(φ)(fP )2ρ(ρ)
} 1
2
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The expressions for F P (ρ, φ), F Pρ (ρ, φ) and h
P (ρ), given by Eqs (19)-(21), determine, as
mentioned, the intrinsi geometry of the fringed trapped surfae related to the plane GW's.
Now, as done for the optial experiment from Setion II and for the Brill ase from Setion
III, we nd here the orders and intervals related to the fringed trapped surfae geometry
resulting from the plane GW's. As mentioned, exept for the supersript, the periodiMP (φ)
is idential toMB(φ) so relating the ordered bands of the fringed trapped surfae to the same
φm given by the same expression φm = φ0±mpi (see the disussion before Eqs (12)) one may
write (ompare with Eqs (12))
xPm = F
P (ρ, φm) cos(φm) = f
P (ρ)MP (φm) cos(φm) (22)
yPm = F
P (ρ, φm) sin(φm) = f
P (ρ)MP (φm) sin(φm),
where for the maximal bands one have either −pi ≤ φ ≤ −pi
2
or
pi
2
≤ φ ≤ pi for whihMP (φ) =
1 (see Eq (6)) and for minimal bands φ should be from the range −pi
2
< φ < pi
2
for whih
MP (φ) = 0 (see Eq (6)). Thus, denoting the interval between two neighbouring m orders
in the fringed trapped surfae geometry by ∆P (ρ) and using the relations cos(φ(m+1)) =
− cos(φm), sin(φ(m+1)) = − sin(φm) and MP (φ(m+1)) +MP (φm) = 2 obtained from Eq (8)
one may write in orrespondene with Eq (13)
∆P (ρ) =
√(
xP(m+1) − xPm
)2
+
(
yP(m+1) − yPm
)2
=
=
{(
fP (ρ)MP (φm+1)) cos(φ(m+1))− fP (ρ)MP (φm) cos(φm)
)2
+
+
(
fP (ρ)MP (φm+1)) sin(φ(m+1))− fP (ρ)MP (φm) sin(φm)
)2} 1
2
= (23)
=
{
(fP )2(ρ)
(
MP (φ(m+1)) +M
P (φm)
)2(
cos2(φm) + sin
2(φm)
)} 1
2
= 2fP (ρ)
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Using Eq (19) one may write the last equation as
∆P (ρ) = 2fP (ρ) =
{(
4
((MP )2(φ) + (MP )2φ(φ))
)
· (24)
·ρ2 cos(kz − ft)
[
sin(4φ)
2
(A+ − A×) ·
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eφˆ ⊗ eφˆ − eρˆ ⊗ eρˆ
)]} 1
2
In Table 1 we have gathered in one plae the expressions related to the DSE, SSE and the
orresponding gravitational soure-free Brill's and plane GW's. The DSE ase represents in
this table the general n-slit experiment where n ≥ 2. This table shows for all these 4 ases
the expressions related to the fringed and nonfringed situations. The relevant expressions for
the nonfringed trapped surfaes are derived in the appendies. Note that for the nonfringed
ase eah slit of the DSE is treated as a separate SSE. Also, the interferene results obtained
for the fringed ase from the, atually, single slit of the spurious double-slit sreen may,
theoretially, be treated as if this single slit of length b is divided into two separate slits eah
of length
b
2
. Thus, the difration of light from this single slit may be onsidered, for the
fringed ase, as interferene between light rays from the two halves of the slit as seen in the
table.
5 Conluding Remarks
We have represented and disussed a new variant of the DSE. In this version thirty (30)
mirrors were prepared to serve as the relevant sreens and a red laser pointer serves as a
monohromati light soure. Twenty nine (29) mirrors were prepared as ordinary double-slit
sreens and the remaining one was, atually, a single slit sreen whih were prepared so that
it seemed as if it was a double one. After a large number of times of repeating the DSE upon
these sreens, where the true nature of eah of them, whether it is the real double slit or
the faked one, was not known during the experiments, one omes with the unexpeted result
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Table 1: In this table we represent side by side the geometry of the optial patterns of the
DSE and SSE, as seen on the surfae of the photosensitive sreen, as well as the geometries
of the trapped surfaes formed by the soure-free Brill's and plane GW's. For all these ases
we show both the fringed and nonfringed geometries and also show the appropriate hanges
∆'s enountered when passing from the nonfringed to the fringed situation. The DSE ase
represents the general n-slit experiment where n ≥ 2.
Experimental DSE SSE Soure-free Soure-free
details Brill GW's plane GW's
The nonfringed For eah slit xB=fB(ρ) cos(φ) xP=fP (ρ) cos(φ)
geometries b sin(φ)B=mλ b sin(φ)B=mλ y
B=fB(ρ) sin(φ) yP=fP (ρ) sin(φ)
For both DSE and b sin(φ)D=(m+
1
2
)λ b sin(φ)D=(m+
1
2
)λ zB=hB(ρ) zP=hP (ρ)
SSE the data b = length of b = length of fB(ρ)=ρψ2 fP (ρ)=
{
ρ2 cos(kz−ft)·
through slits used. eah slit. slit. hB(ρ)=
R
dρ
(
ψ4e2Aq− ·
[
sin(4φ)
2
(A+−A×)·
The optial patt- b sin(φ) = path b sin(φ) = path −(fB)2ρ(ρ)
)
·
(
eρˆ⊗eφˆ+eφˆ⊗eρˆ
)
+
-ern from both dierene bet- dierene bet-
(
A+ cos2(2φ)+A× sin2(2φ)
)
experiments are -ween rays from -ween rays from
(
e
φˆ
⊗e
φˆ
−eρˆ⊗eρˆ
)]} 1
2
of the dirat- ends of eah slit. ends of slit.
-ional nonfringed m = 0,±1,±2 . . . m = 0,±1,±2, . . . hP (ρ)=R dρ
{
cos(kz−ft)
type. = orders of = orders of
{
sin(4φ)
2
(A×−A+)
The orresponding diration. diration. (eρˆ⊗eφˆ+eφˆ⊗eρˆ)+
gravitational tra-
(
A+ cos2(2φ)+A× sin2(2φ)
)
-pped surfaes are
(
eρˆ⊗eρˆ−eφˆ⊗eφˆ
)}
−
also nonfringed. −(fP )2ρ(ρ)
} 1
2
The fringed d sin(φ)B=mλ
b
2
sin(φ)B=mλ x
B=fB(ρ)MB(φ) cos(φ) xP=fP (ρ)MP (φ) cos(φ)
geometries d sin(φ)D=(m+
1
2
)λ b
2
sin(φ)D=(m+
1
2
)λ yB=fB(ρ)MB(φ) sin(φ) yP=fP (ρ)MP (φ) sin(φ)
For both DSE zB(ρ)=hB(ρ) zP=hP (ρ)
and SSE the data fB(ρ)= fP (ρ)=
about routes not d =interval bet- b
2
= length of ρψ
2√
(MB)2(φ)+(MB)2(φ)φ
{„
ρ2 cos(kz−ft)
(MP )2(φ)+(MP )2(φ)φ
«
·
used. The optial two slits. half slit. hB(ρ)=
R
dρ
(
ψ4e2Aq−
[
sin(4φ)
2
(A+−A×)·
patterns from d sin(φ) = path b
2
sin(φ) = path −(fB)2ρ(ρ)
) (
eρˆ⊗eφˆ+eφˆ⊗eρˆ
)
+
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Experimental DSE SSE Soure-free Soure-free
details Brill GW's plane GW's
both experi- dierene betw- dierene betw-
(
A+ cos2(2φ)+A× sin2(2φ)
)
·
-ments are of -een rays from -een rays from ·
(
e
φˆ
⊗e
φˆ
−eρˆ⊗eρˆ
)]} 1
2
the interferene two slits. two halves of
fringed type. slit.
Corresponding ∆(w)=2g tan(w) ∆(w)=2g tan(w) ∆B(ρ)=
{(
xB
(m+1)
− hP (ρ)=
R
dρ
{
cos(kz−ft)·
gravitational −xBm
)2
+
(
yB
(m+1)
− ·
{
sin(4φ)
2
(A×−A+)·
trapped surfaes m = 0,±1, m = 0,±1, −yBm
)2} 12
=
{(
fB(ρ)· ·(eρˆ⊗eφˆ+eφˆ⊗eρˆ)+
are also fringed. ±2 . . . = orders ±2 . . . =orders ·MB(φm+1)) cos(φ(m+1))− +
(
A+ cos2(2φ)+A× sin2(2φ)
)
·
The interferene of interferene. of interferene −fB(ρ)MB(φm)· ·
(
eρˆ⊗eρˆ−eφˆ⊗eφˆ
)}
−
results for the between two · cos(φm)
)2
+
(
fB(ρ)· −(MP )2(φ)(fP )2ρ(ρ)
} 1
2
SSE is theor- halves of slit. ·MB(φm+1)) sin(φ(m+1))− ∆
P (ρ)=
{
(xP(m+1)−x
P
m)
2
+
-etially treated −fB(ρ)MB(φm)· +(yP(m+1)−y
P
m)
2
} 1
2
=
as if the single · sin(φm)
)2} 12
=
(
(fB)2(ρ)· =
{(
fP (ρ)MP (φm+1))·
slit is divided ·
(
MB(φ(m+1))+ · cos(φ(m+1))−f
P (ρ)MP (φm)·
into two halves. +MB(φm)
)2) 12
=2fB(ρ)= · cos(φm)
)2
+
(
fP (ρ)·
Thus, the rays = 2ρψ
2√
((MB)2(φ)+(MB)2
φ
(φ))
·MP (φm+1)) sin(φ(m+1))−
from these two −fP (ρ)MP (φm) sin(φm)
)2} 12
=
halves may be MB(φ),MP (φ) =
(
(fP )2(ρ)
(
MP (φ(m+1))+
thought as inter- given by Eqs +MP (φm)
)2) 12
=2fP (ρ)=
fering with eah (6) and (8). =
{(
4
((MP )2(φ)+(MP )2
φ
(φ))
)
·
other. ·ρ2 cos(kz−ft)
[
sin(4φ)
2
(A+−
−A×)·(eρˆ⊗eφˆ+eφˆ⊗eρˆ)+
+
(
A+ cos2(2φ)+A× sin
2(2φ)
)
(
e
φˆ
⊗e
φˆ
−eρˆ⊗eρˆ
)]} 1
2
MP (φ) given by
Eqs (6) and (8).
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of obtaining interferene pattern even when the sreen was later found to be the single-slit
one. A photograph of this result is shown in Figure 8. That is, performing this experiment
under the mentioned spei onditions has hanged the form of the routes through whih
the photons propagate between the two sreens. Similar hanges were shown, using any
n-slit sreen (n ≥ 1), where it was established that if the data about the routes through slits
were used during the experiment one obtains a number of diration patterns equal to the
number of slits used (see Figures 2-4) otherwise one obtains the interferene pattern of Figure
1. That is, if these data are used then most photons propagate in the forward diretions
(m = 0) for all n-slit sreens (n ≥ 1) otherwise, all diretions are equally traversed, even in
the SSE, and all orders m have the same strength (see Figure 1).
We have shown that parallel gravitational situations, in whih the orresponding spae-
time beomes fringed, may, theoretially, be related either to the soure-free plane GW's or
to the orresponding Brill's ones. For eah of these ases we have used the method in [17℄
and have alulated the appropriate fringed and nonfringed trapped surfaes by equating
their metris to the orresponding rotation metris on the equator. This is shown in the
Brill's ase by using Eq (A12) of Appendix A for the nonfringed trapped surfae and Eq (10)
of Setion III for the fringed one. In the plane GW's ase it is shown by using Eq (B20) of
Appendix B for the nonfringed trapped surfae and Eq (16) of Setion IV for the fringed one.
This, of ourse, does not mean that for the Brill ase both Eqations of (A12) in Appendix
A and Eq (10) are valid at the same time or that for the plane GW ase both Eqations of
(B20) in Appendix B and Eq (16) are simultaneously valid sine, as obviously seen, either
pair of these equations are exlusive. One an not have both fringed and nonfringed trapped
surfaes of the same kind existing side by side.
As known, the Bohr's omplementarity priniple [5, 6, 31℄ explains why in some exper-
iments the partile nature of matter is demonstrated and in others its wave harater by
stating that what determines the nal atual results of the experiment is what it is supposed
to measure. This priniple assumes a thorough prior knowledge of all the onstituents of the
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experiments inluding, of ourse, the true nature of the sreens ativated in our optial ex-
amples. We disuss here the ase where the observer does not know the very nature of these
sreens but think that he is ativating (with 0.97 probability) a real double-slit sreen whih
is indeed realized not only by obtaining an interferene pattern over and over again but also
by heking these sreens to nd out that they are indeed double-slit. Thus, after obtaining
the same result for hundreds of times the experiment amounts, aording to the observer, to
look for and nd this same optial pattern whih is, atually, what obtained even when the
sreen was later found to be single-slit. Thus, one may argue that these results onstitute
a generalization of the Bohr's omplementarity priniple in that they onform to what the
observer expets to obtain from the experiment even in ase the ativated apparatus is later
found to be not optimally suitable for obtaining these results. This is the meaning of writing
in the text, regarding the experiment desribed in Setion II, that knowing and, therefore,
using the mentioned data results in entirely dierent onsequenes from those obtained when
these data are not used. For example, as emphasized in the text regarding the ase in whih
the spurious double-slit sreen was used, the mere knowledge during the experiment of this
datum entirely hanges the harater of the experiment inluding the probability to obtain
the orresponding diration pattern whih is hanged from the mentioned 0.033 to 1.
One may see this by onsidering a hanged version of the experiment in whih the element
of not knowing the true nature of the hosen sreen is absent so that the the nature of the
sreen is heked immediately after randomely piking it before sending the laser ray through
it. Thus, the experiment yields one of two possible results: (1) hoosing a real double-slit
mirror with a probability of
29
30
= 0.97 or (2) piking the faked double-slit mirror with a
probability of
1
30
= 0.033. In suh ase when (1) is realized the probability to nd interferene
pattern is unity and that for nding diration one is zero. Similarly, one may see that if (2)
is realized the probability to nd diration pattern is unity and that for nding interferene
one is zero. Thus, denoting the wave funtions for hoosing the real and spurious double-slit
sreens by φ1 and φ2 respetively and using the quantum mehanial superposition priniple
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[5, 6℄ one may write the orresponding wave funtion asW = c1φ1+c2φ2, where c1 =
√
29
30
and
c2 =
√
1
30
are the orresponding wave amplitudes. Thus, the probability to nd interferene
pattern, even after repeating this experiment thousands of times, is always (c1 · 1)2 = 2930
and that for nding single-slit diration one is always (c2 · 1)2 = 130 . Note that we have
multiplied c1 and c2 by unity to emphasize that one the random hoie of either (1) or (2)
is done with the respetive probability amplitudes of c1 and c2 then the appropriate optial
pattern follows in both ases with unity probability.
For the experiment disussed in Setion II, where the true nature of the hosen sreen
is not known during the experiment, the two possible results are (ompare with the former
situation); (1) nding interferene pattern with a probability of
29
30
or (2) diration one with
a probability of
1
30
. Thus, denoting the wave funtions for nding interferene and diration
patterns by η1 and η2 respetively and using the quantum mehanial superposition priniple
one may write the orresponding wave funtion as W = c1η1 + c2η2, where c1 =
√
29
30
and
c2 =
√
1
30
are the orresponding wave amplitudes. In suh ase one an not revert the former
disussion and say, for example, that if (1) is realized then the probability is unity to disover
that the related sreen is a real double-slit and it is zero for nding a single-slit one. This
is beause the physial evolution always runs from rst knowing the true harater of the
ativated sreen and only after that to see the expeted results obtained from using this
known sreen. No one guarantees that the reverted evolution of rst seeing an interferene
pattern and then asertaining that the related sreen is double-slit is always followed. And
indeed in Setion II we have seen that under spei onditions this evolution is not followed.
We note, in summary, that there is nothing speial about the n-slit experiments (n ≥ 1)
whih auses their results to depend so ritially upon using or not using during these
experiments the relevant nentioned data. That is, one may, logially, suppose that similar
results will also be obtained for other entirely dierent experiments. For example, it is
possible to design new versions of known experiments in whih some onstituent elements
are not known and, therefore, not used during these experiments. In suh ase one may, as
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for the previously disussed n-slit experiments, expet to obtain results whih are basially
dierent from those obtained when these elements are used.
A APPENDIX A
A.1 The anonial formalism of the general relativity and the Brill
GW's
We represent here, for ompletness, a short review of the ADM formalism [13℄ and its adap-
tation to the soure-free Brill wave [13, 16, 19, 17℄. In the ADM anonial formulation of
general relativity one starts from the (3+1)-dimensional split of spae-time whih is expressed
by the orresponding metri tensor [13, 28℄
(4)gαβ =

 (4)g00 (4)g0j
(4)gi0
(4)gij

 =

 NkNk −N2 Nj
Ni gij

 , (A1)
where the spaelike three-dimensional hypersurfaes at onstant times are represented by the
metri tensor gij. The shift vetor is denoted by Ni and the lapse funtion by N . Denoting
the ovariant derivative by | one may write the ation [13℄
I =
1
16pi
∫ (
piij
∂gij
∂t
−NH(piij , gij)−NiHi(piij, gij)
)
d4x, (A2)
where the superhamiltonian H and supermomentum Hi are [13℄
H(piij, gij) = g− 12 (Tr(pi2)− 1
2
(Tr(pi))2)− g 12R (A3)
Hi(piij, gij) = −2piik|k
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Upon extremization of the ation I with respet to gij and pi
ij
one may write the following
vauum eld equations [13℄
∂gij
∂t
= 2Ng−
1
2
(
piij − 1
2
gijTr(pi)
)
+Ni|j +Nj|i (A4)
∂piij
∂t
= −N
(
Rij − 1
2
gijR
)
+
1
2
Ng−
1
2gij
(
Tr(pi2)− 1
2
(Tr(pi))2
)
−
−2Ng− 12
(
piimpijm −
1
2
piijTr(pi)
)
+ gij
(
N |ij − gijN |m|m
)
− (piijNm)|m− (A5)
−N i|mpimj −N j|mpimi
The appropriate initial-value equations in this ADM formalism are obtained upon extrem-
ization of the ation I from Eq (A2) with respet to the lapse N and shift Ni. Thus, taking
into aount that the extrinsi urvature tensor is given by [13℄ Kij =
1
2N
(Ni|j +Nj|i − ∂gij∂t )
one may write, for the vauum ase, upon extremization with respet to the lapse N the
initial-value ondition [13℄
(3)R + (Tr(K))2 − Tr(K2) = 0 (A6)
And upon extremization with respet to the shift Ni one obtains the three initial-value
onditions [13℄
(Kki )|k − δki (Tr(K))|k = 0 (A7)
For easing the following disussion we assume that the relevant spae-time is haraterized
by time and axial symmetries and no rotation. The time symmetry property ensures [13,
16, 19, 17℄ the existene of a spaelike hypersurfae Σ in whih the extrinsi urvature Kij
vanishes at all its points. In suh ase the three momentum initial onditions from Eq (A7)
are trivially satised and the fourth Hamiltonian initial ondition from Eq (A6) redues, for
the vauum ase, to
(3)R = 0. Thus, as in [16℄, we take the following onformal basi metri
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on the initial spaelike hypersurfae
ds2conformal = e
2Aq(ρ,z)(dz2 + dρ2) + ρ2dφ2 (A8)
From this metri one obtains the following omponents for the metri tensor [16, 17℄ gij
gρρ = gzz = e
2Aq(ρ,z), gφφ = ρ
2, gρz = gρφ = gzφ = 0, (A9)
where gρφ = gzφ = 0 follow from the no-rotation assumption. The axial symmetry property
ensures that on the z axis, where ρ = 0, the funtion q should vanish. The hamiltonian
initial ondition is solved, as in [16, 17℄, by assuming the following onformal map
ds2physical = ψ
4ds2conformal = ψ
4
(
e2Aq(ρ,z)(dz2 + dρ2) + ρ2dφ2
)
, (A10)
where ψ is the onformal fator. The embedded surfae is obtained by assuming the metri
of the equator to be equal to that of a surfae of rotation in Eulidean spae [17℄ dened as
xB = fB(ρ) cos(φ), yB = fB(ρ) sin(φ), zB = hB(ρ), (A11)
where the supersript B denotes that we onsider the Brill GW's. Noting that on the equator
gzz = 0 one may perform the equating proess as [17℄
(dsB)2 = (dxB)2 + (dyB)2 + (dzB)2 = ((fB)2ρ(ρ) + (h
B)2ρ(ρ))dρ
2+ (A12)
+(fB)2(ρ)dφ2 = gBρˆρˆd
2ρ+ gB
φˆφˆ
d2φ = ψ4
(
e2Aq(ρ,z)dρ2 + ρ2dφ2
)
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Thus, the surfae on the equator whih is haraterized by the same intrinsi geometry as
that of the mentioned generating Brill GW is [17℄
fB(ρ) = ρψ2
fBρ (ρ) = ψ
2 + 2ρψψρ (A13)
hB(ρ) =
∫
dρ
(
ψ4e2Aq − (fB)2ρ
)
Shemati representations of suh three surfaes are shown in Figure 11 for the amplitudes
A ≈ 2, A ≈ 5, A ≈ 15. The irular-form surfae at the bottom orresponds to the smaller
amplitude A ≈ 2 whereas the upper pinhed-o surfae orresponds to A ≈ 15. That is,
as the amplitude A of the wave inreases the surfae deviates from the irular form and
tends to be losed upon itself (pinhed-o). Note, however, that these embeddings do not
determine the exat amplitude and shape of the developed apparent throats. For this one
have to solve the trapped surfae equation (see, for example, Eq (27) in [17℄, see also [23℄
(whih represents another embedding method)). This is generally done by using numerial
analysis [20℄ through whih one may develop and follow the Brill initial data aross a grid
framework.
B APPENDIX B
B.1 The linearized plane GW's and geodesis mehanis
In this Appendix we review the theory of plane gravitational wave as represented in [29℄.
For that purpose we rst introdue the basi theory of geodesis mehanis in the presene
of GW's as outlined in [13℄. That is, we alulate the hange in loation of a test point (TP)
moving along its geodesi route relative to another TP due to a passing GW. The two TP's,
as well as their spei geodesis, are denoted by A and B and the interval between them
is denoted by the vetor n. The proper referene frame of A is hosen as the appropriate
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Figure 11: A shemati representation of the embedded trapped surfae shown for the three
values of the amplitude: A ≈ 2, A ≈ 5 and A ≈ 15. Note that the irular form of the
bottom surfae orresponds to the smallest amplitude of A ≈ 2 and that as this amplitude
grows the surfae tends to pinh o and to lose on itself.
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oordinate system. That is, the spatial origin xj = 0 is attahed to the world line of A
and the oordinate time x0 is A's proper time so that x0 = τ on the world line xj = 0
(see Chapter 35 in [13℄). This system is assumed to be nonrotating frame as that obtained
by attahing the orthonormal spatial axes to gyrosopes [13℄. Thus, it onstitutes a loal
Lorentz frame [13, 4℄ along the whole world line of A and not only at one event on it. As
mentioned, we use the linearized theory of gravitation [13℄ and, therefore, the metri tensor
is [13℄
gµν = ηµν + hµν +O(hµν)
2, (B1)
where ηµν is the Lorentz metri tensor [13, 4℄ and hµν is a slight perturbation of it. The
relevant metri is [13℄
ds2 = −(dx0)2 + δjkdxjdxk +O(|xj|2)dxαdxβ (B2)
The small perturbation hµν from Eq (B1) is identied, as done in [13, 15℄, with the passing
GW. Use is made of the transverse-traeless (TT) gauge [13, 15℄ whih have the following
properties; (1) all omponents vanish exept the spatial ones, i.e., hTTµ0 = 0, (2) these om-
ponents are divergene-free i.e., hTTkj,j = 0, and (3) they are trae-free i.e., h
TT
kk = 0. Also, as
emphasized in [13℄, only pure GW's, of the kind disussed here, an be redued to TT gauge.
As noted, the GW is identied with hTTjk and, therefore, have the same harateristis [13℄.
The world lines A and B represent geodesis and so TP's fall freely along them. Thus,
assuming the basis eβ hanges arbitrarily but smoothly from point to point one may write
the veloity of the TP B relative to A as [13℄ ∇un = (nβ ;γ uγ)eβ, where n is the vetor from
A to B, u is the tangent vetor to the geodesi B i.e., u = ∂B(n,τ)
∂τ
and nβ ;γ is the ovariant
derivative of nβ [13, 4℄ i.e., nβ;γ =
dnβ
dxγ
+ Γβµγn
µ
where Γβµγ is [13, 4℄ Γ
β
µγ = g
νβΓνµγ =
1
2
gνβ(gνµ,γ + gνγ,µ − gµγ,ν). The expression inside the irular parentheses nβ;γ uγ represents
the omponents of ∇un [13℄ i.e., nβ ;γ uγ = Dnβdτ = dn
β
dγ
+ Γβµγn
µ dxγ
dτ
so the expression for the
aeleration of the TP B relative to A [13℄ ∇u(∇un) = −R, may be written omponently as
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[13℄
D2nα
dτ 2
= −Rαβγδuβuδnγ , (B3)
where R is the Riemann urvature tensor whose omponents are written as [13, 4℄ Rαβγδ =
∂Γαβδ
∂xγ
− ∂Γ
α
βγ
∂xδ
+ ΓαµγΓ
µ
βδ − ΓαµδΓµβγ. Now, remembering that x0 = τ on the world line xj = 0 of
A one may write (B3) as
D2nj
dτ 2
= −Rj0k0nk = −Rj0k0nk (B4)
Note [13℄ that, to rst order in the metri perturbation hTTjk , the transverse trae-free (TT)
oordinate system may move [13℄ with the proper referene frame of A. That is, to this order
in hTTjk , the time t in the system TT may be identied [13℄ with the proper time τ of A so that
[13℄ RTTj0k0 = Rj0k0 where Rj0k0 is alulated in A's proper referene frame and RTTj0k0, whih
is alulated in the TT system, were shown (see Eq (35.10) in [13℄) to assume the simple
form of Rj0k0 = −12hTTjk,00. Note that sine the TT system and the proper referene frame
of A move together they are both denoted [13℄ by the same indies (0, k, j) with no need
to use primed and unprimed indies. Also, sine the origin is situated along A's geodesi
the omponents of the separating vetor n are no other than the oordinates of B. That is,
writing the oordinates of A and B as xjA and xjB one obtains nj = xjB − xjA = xjB − 0 = xjB.
Also, at xj = 0 we have Γµαβ = 0 for all x
0
so that
dΓµ
αβ
dτ
= 0 and the ovariant derivative D
2nj
dτ2
redues [13℄ to ordinary derivative. That is, Eq (B4) beomes
d2x
j
B
dτ 2
= −Rj0k0xkB =
1
2
(
∂2hTTjk
∂t2
)xkB (B5)
As initial ondition we assume the TP's A and B to be at rest before the GW arrives. That
is, x
j
B = x
j
B(0) when h
TT
jk = 0 so that the solution of Eq (B5) is
x
j
B(τ) = x
k
B(0)(δjk +
1
2
hTTjk )atA, (B6)
whih is the new loation of B as seen in the proper referene frame of A. The hTTjk represents
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the passing GW whih is supposed here to be a plane wave advaning in the nˆ diretion (not
the same as the separation vetor n) where the TP's A and B and their relevant geodesis
lie in the plane perpendiular to nˆ. We denote the two perpendiular diretions to nˆ by enˆ1
and enˆ2 and note [13℄ that this GW have the following unit linear-polarization tensors
e+nˆ1nˆ1 = enˆ1 ⊗ enˆ1 − enˆ2 ⊗ enˆ2 = −
(
enˆ2 ⊗ enˆ2 − enˆ1 ⊗ enˆ1
)
= −e+nˆ2nˆ2 (B7)
e×nˆ1nˆ2 = enˆ1 ⊗ enˆ2 + enˆ2 ⊗ enˆ1 =
(
enˆ2 ⊗ enˆ1 + enˆ1 ⊗ enˆ2
)
= e×nˆ2nˆ1 , (B8)
where ⊗ is [36, 37℄ the tensor produt. Thus, onsidering the mentioned TT 's gauge on-
straints hTTµ0 = 0, h
TT
ij,j = 0 and h
TT
kk = 0 one may realize that for the GW propagating in the
nˆ diretion, the only nonzero omponents are [13℄
hTT+nˆ1nˆ1
= ℜ
(
A+e+nˆ1nˆ1e
−ifteikrnˆ
)
= A+e+nˆ1nˆ1 · cos
(
k
(
r1 cos(α)+
+r2 cos(β) + r3 cos(η)
)
− ft
)
= −hTT+nˆ2nˆ2 = −ℜ
(
A+e+nˆ2nˆ2e
−ifteikrnˆ
)
= (B9)
=− A+e+nˆ2nˆ2 · cos
(
k
(
r1 cos(α) + r2 cos(β) + r3 cos(η)
)
− ft
)
hTT×nˆ1nˆ2
= ℜ
(
A×e×nˆ1nˆ2e
−ifteikrnˆ
)
= A×e×nˆ1nˆ2 · cos
(
k
(
r1 cos(α)+
+r2 cos(β) + +r3 cos(η)
)
− ft
)
= hTT×nˆ2nˆ1
= ℜ
(
A×e×nˆ2nˆ1e
−ifteikrnˆ
)
= (B10)
=A×e×nˆ2nˆ1 · cos
(
k
(
r1 cos(α) + r2 cos(β) + r3 cos(η)
)
− ft
)
where ℜ denotes the real parts of the expressions whih follow and r is the position vetor
of a point in spae. By A+ and A× we denote the amplitudes whih are respetively related
to the two modes of polarization e+nˆ1nˆ1 and e×nˆ1nˆ2 . By f we denote the time frequeny, k is
2pi
λ
, and cos(α), cos(β), cos(η) are the diretion osines of nˆ. Thus, the general perturbation
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The passing GW causes periodic changes of the array of test points from circular to elliptic form
n2n2+
e
n2n1n1n1
Phasex+
ee
2n*180 degrees
(2n+1/2)*180 degrees
(2n+1)*180 degrees
(2n+3/2)*180 degrees
Figure 12: A shemati representation of the inuene of a passing plane GW upon a irular
(ellipti) array of test partiles whih periodially hanges its form to ellipti (irular) array.
hTTjk resulting from the passing GW may be written as [29, 30℄
hTTjk = h
TT
+jk
+ hTT×jk = ℜ
(
(A+e+jk + A×e×jk)e
−ifteikrnˆ
)
= (B11)
=(A+e+jk + A×e×jk) cos
(
k
(
r1 cos(α) + r2 cos(β) + r3 cos(η)
)
− ft
)
A better understanding of the situation follows when one onsiders [13℄ an ensemble of TP's.
That is, assuming a large number of TP's B whih form a irular (ellipti) ring around
the TP A in the enter one may realize that the passing GW with either e+nˆ1nˆ1 or e×nˆ1nˆ2
polarization periodially hanges the former array into an ellipti (irular) one as shown in
Figure 12.
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Substituting from Eq (B11) into Eq (B6) one obtains the omponents along n1 and n2 of
the new loation of the TP B as alulated in the proper referene frame of A. That is, for
j = n1 one obtains [29℄
xnˆ1B =
{
xnˆ1B(0) +
1
2
(
A+e+nˆ1nˆ1x
nˆ1
B(0) + A×e×nˆ1nˆ2x
nˆ2
B(0)
)
· (B12)
· cos
(
k
(
x cos(α) + y cos(β) + z cos(η)
)
− ft
)}
atA
And for j = n2 one obtains [29℄
xnˆ2B =
{
xnˆ2B(0) +
1
2
(
A×e×nˆ2nˆ1x
nˆ1
B(0) + A+e+nˆ2nˆ2x
nˆ2
B(0)
)
· (B13)
· cos
(
k
(
x cos(α) + y cos(β) + z cos(η)
)
− ft
)}
atA
B.2 The nonfringed trapped surfae resulting from plane GW's
As shown in [29℄ the omparison between the eletromagneti (EM) theory and the linearized
general relativity enables one to use theoretial methods similar to those used in the EM
theory for assuming interferene and holographi properties for GW's also. Similar ompar-
ison between these same theories has led to the onept of extrinsi time [38℄. Thus, one
may imagine [29℄ a subjet (S) and referene (R) GW's whih onstrutively interfere and
give rise to a spaetime holographi image [29, 30℄ whih orresponds to the EM holographs
[39℄ resulting from the interferene of the S and R EM waves [39℄. This line of reasoning
was followed in [29, 30℄ and we introdue here some results obtained there. We note that
for gravitational onstrutive interferene the S and R GW's, as for their EM analogues,
should be similar and in phase with eah other (see disussion in [29, 30℄). Thus, the for-
mer expressions (B9)-(B11) for the GW may be related not only to either S or R but also,
in ase of onstrutive interferene, to the ombined GW [29, 30℄ obtained from suh an
interferene. The intensity, exposure and transmittane of this ombined GW were alu-
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lated [30℄ in analogy with the orresponding EM quantities. It has also been shown in [29℄
that the holographi images resulting from this ombined GW orrespond to the trapped
surfaes [17, 23, 24, 25℄ formed from suh wave. Thus, sine we disuss here these trapped
surfaes we onsider the former expressions (B9)-(B11) and the following ones as referring
to the ombined GW obtained from the onstrutive interferene of the S and R GW's. We
note that it has been shown [26, 27℄ that the ollision of two plane GW's results in a great
strengthening (orresponds to onstrutive interferene) of the resulting GW whih forms,
as is the ase for strong GW's [13, 23, 25, 20℄, a singularity [26, 27℄.
Now, sine the trapped surfaes are embedded in the Eulidean spae [13, 17, 23℄ one
have rst to onvert [29℄ the tensor metri omponents (see Eqs (B9)-(B10)) h
TT
nˆ1nˆ1
= −hTT
nˆ2nˆ2
,
hTT
nˆ1nˆ2
= hTT
nˆ2nˆ1
from the nˆ, nˆ1, nˆ2 system, into the xˆ, yˆ, zˆ Eulidean system. Thus, sub-
stituting [29℄ nˆ = zˆ, nˆ1 = xˆ, nˆ2 = yˆ one may write the Eulidean metri omponents as
[29℄
hTT
xˆxˆ
= ℜ
(
A+e+xˆxˆe
−ifteikrzˆ
)
= A+e+xˆxˆ · cos(kz − ft) =
=− hTT
yˆyˆ
= −ℜ
(
A+e+yˆyˆe
−ifteikrzˆ
)
= −A+e+yˆyˆ · cos(kz − ft) (B14)
hTT
xˆyˆ
= ℜ
(
A×e×xˆyˆe
−ifteikrzˆ
)
= A×e×xˆyˆ · cos(kz − ft) =
=hTT
yˆxˆ
= ℜ
(
A×e×yˆxˆe
−ifteikrzˆ
)
= A×e×yˆxˆ · cos(kz − ft),
where r = xxˆ + yyˆ + zzˆ and e+xˆxˆ, e+yˆyˆ , e×xˆyˆ are the Eulidean unit linear-polarization
tensors obtained [29℄ by substituting in Eqs (B7)-(B8) nˆ = zˆ, nˆ1 = xˆ, nˆ2 = yˆ. Thus, one
may write the metris from Eq (B2) in the TT gauge as [29℄
(dsTT )2(xˆ,yˆ,zˆ) = h
TT
xˆxˆ
dx2 + hTT
yˆyˆ
dy2 + 2hTT
xˆyˆ
dxdy = A+e+xˆxˆ · cos(kz − ft)dx2+
+A+e+yˆyˆ · cos(kz − ft)dy2 + 2A×e×xˆyˆ · cos(kz − ft)dxdy = (B15)
=A+e+xˆxˆ · cos(kz − ft)(dx2 − dy2) + 2A×e×xˆyˆ · cos(kz − ft)dxdy,
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where we use [29℄ e+xˆxˆ = −e+yˆyˆ (see Eq (B7)). For alulating the nonfringed embedded
surfae one have to onvert [29℄ the last metri from the (xˆ, yˆ, zˆ) system to the ylindrial
one (ρˆ, φˆ, zˆ) where x = ρ cos(φ), y = ρ sin(φ), z = z. Thus, using the trigonometri
relations (cos2(φ)− sin2(φ)) = cos(2φ), 2 sin(φ) cos(φ) = sin(2φ) and transforming the unit
polarization tensors e+xˆxˆ , e+xˆy to the orresponding ylindrial ones e+ρˆρˆ , e+ρˆφˆ one obtains
[29℄
(dsTT )2
(ρˆ,φˆ,zˆ)
= hTTρˆρˆ dρ
2 + hTT
φˆφˆ
dφ2 + hTT
ρˆφˆ
dρdφ =
=A+e+ρˆρˆ · cos(kz − ft)
(
cos(2φ)(dρ2 − ρ2dφ2)− 2ρ sin(2φ)dρdφ
)
(B16)
+A×e×
ρˆφˆ
· cos(kz − ft)
(
sin(2φ)(dρ2 − ρ2dφ2) + 2ρ cos(2φ)dρdφ
)
,
where the unit polarization tensor omponents e+ρˆρˆ , e+ρˆφˆ are given by [29℄
e+ρˆρˆ = cos(2φ)
(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)
− sin(2φ)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
(B17)
e×
ρˆφˆ
= sin(2φ)
(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)
+ cos(2φ)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
The last tensor omponents are obtained by using: (1) e+xˆxˆ = exˆ ⊗ exˆ − eyˆ ⊗ eyˆ =
−e+yˆyˆ , e×xˆyˆ = exˆ⊗eyˆ+eyˆ⊗exˆ = e×yˆxˆ whih are obtained from Eqs (B7)-(B8) by substitut-
ing [29℄ nˆ = zˆ, nˆ1 = xˆ, nˆ2 = yˆ, (2) exˆ = cos(φ)eρˆ−sin(φ)eφˆ, eyˆ = sin(φ)eρˆ+cos(φ)eφˆ, ezˆ =
ezˆ [36℄ and (3) (cos
2(φ)− sin2(φ)) = cos(2φ), 2 cos(φ) sin(φ) = sin(2φ). As mentioned after
Eq (17), e+ρˆρˆ , e×ρˆφˆ as well as eρˆ ⊗ eρˆ, eρˆ ⊗ eφˆ and eφˆ ⊗ eφˆ are tensor omponents in the
ρρ, ρφ and φφ diretions and so, of ourse, they are not tensors proper. This enables one
to perform some mathematial operations on these omponents suh as omparing them to
funtions or taking their square roots as done, for example, in Eqs (17)-(21).
Assuming [29℄, as in [16, 19, 17℄, a non-rotating system so that hTT
ρˆφˆ
is identially zero
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one may write Eq (B16) as [29℄
(dsTT )2
(ρˆ,φˆ,zˆ)
= hTTρˆρˆ d
2ρ+ hTT
φˆφˆ
d2φ = (B18)
=cos(kz − ft)
(
A+e+ρˆρˆ cos(2φ) + A×e×ρˆφˆ sin(2φ)
)(
(dρ2 − ρ2dφ2)
)
=
=cos(kz − ft)
[
sin(4φ)
2
(A× − A+)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)] (
d2ρ− ρ2dφ2)
Note that when A× = A+ the expression
(
A+e+ρˆρˆ cos(2φ)+A×e×ρˆφˆ sin(2φ)
)
is onsiderably
simplied and redues [29℄ to
(
A+e+ρˆρˆ cos(2φ) + A×e×ρˆφˆ sin(2φ)
)
= A+
(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)
We, now, nd the relevant nonfringed embedded surfae and assume [29℄, as done for the
nonfringed trapped surfaes resulting from the Brill's GW [17℄ (see Appendix A here), that
its metri is that of a surfae of rotation z(x, y) related to Eulidean spae as
xP = fP (ρ) cos(φ), yP = fP (ρ) sin(φ), zP = hP (ρ), (B19)
where the supersript P denotes that we onsider plane GW's. Thus, using Eqs B18 one may
write the metri of the relevant holographi image (trapped surfae) as [29℄ (ompare with
Eq (A12) in Appendix A for the Brill ase),
ds2 = dx2 + dy2 + dz2 =
(
(fP )2ρ(ρ) + (h
P )2ρ(ρ)
)
dρ2 + (fP )2(ρ)dφ2 = (B20)
=hTTρˆρˆ d
2ρ+ hTT
φˆφˆ
d2φ = cos(kz − ft)
(
A+e+ρˆρˆ cos(2φ) + A×e×ρˆφˆ sin(2φ)
)
·
·
(
dρ2 − ρ2dφ2
)
= cos(kz − ft)
[
sin(4φ)
2
(A× − A+)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)] (
d2ρ− ρ2dφ2)
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where Eq (B17) was used and by f
P
ρ (ρ), h
P
ρ (ρ) we denote the rst derivatives of f
P (ρ), hP (ρ)
with respet to ρ. Using Eq (B20) one may determine [29℄ the quantities f
P (ρ), fPρ (ρ) and
hP (ρ) whih denes the intrinsi geometry of the nonfringed trapped surfae (gravitational
holograph)
fP (ρ) = ρ
[
cos(kz − ft)
{
sin(4φ)
2
(A+ − A×)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eφˆ ⊗ eφˆ − eρˆ ⊗ eρˆ
)}] 1
2
fPρ (ρ) =
[
cos(kz − ft)
{
sin(4φ)
2
(A+ − A×)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eφˆ ⊗ eφˆ − eρˆ ⊗ eρˆ
)}] 1
2
(B21)
hP (ρ) =
∫
dρ
[
cos(kz − ft)
{
sin(4φ)
2
(A× −A+)
(
eρˆ ⊗ eφˆ + eφˆ ⊗ eρˆ
)
+
+
(
A+ cos
2(2φ) + A× sin
2(2φ)
)(
eρˆ ⊗ eρˆ − eφˆ ⊗ eφˆ
)}
− (fP )2ρ(ρ)
] 1
2
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